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Letters
A facile synthesis of an unsymmetric benzopyranobenzopyran
ring system
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Abstract—A facile route to the synthesis of an unsymmetric benzopyranobenzopyran ring system is described. A key feature of this
synthesis incorporates a tandem deprotection–cyclization strategy to construct the C-ring of the tetracyclic system.
� 2004 Elsevier Ltd. All rights reserved.
In conjunction with our medicinal chemistry efforts to
discover novel selective estrogen receptor modulators
(SERMs), we chose to access the steroid-mimetic scaf-
fold, unsymmetric bisbenzopyran II through the lactone
precursor I. To facilitate our SAR studies, we looked
for a synthetic method that would allow us to introduce
a variety of functional groups into the A-, B-, and
D-rings.
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A brief survey of the literature revealed that although
the synthesis of symmetrical bislactones like III was
documented, the synthesis of an unsymmetrical system
like I had not been well studied.1 Using dimethoxy
analog (Ia) as an example, we explored three literature
approaches to access this key intermediate (Scheme 1).
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Pechmann condensation of a and b (path A), following
the Baran-Marszak conditions,1a gave only a trace
amounts of Ia. Although we were able to effect isomer-
ization of isoxindigo c to the symmetric bislactone d
utilizing literature procedures (path B),1b–d the poor
solubility of compound d posed a significant challenge
for its desymmetrization to the desired product I (path
B). Intramolecular Claisen type cyclization of f via the
Box protocol1e (path C) also failed to deliver the desired
product.

Having explored these literature approaches, we decided
to access our key intermediate through coumarin IV
(Scheme 2). The lynchpin of this strategy is the incor-
poration of a two-step cascade reaction sequence initi-
ated by the deprotection of an oxygen moiety and its
subsequent intramolecular nucleophilic capture of a
proximally positioned electrophile to construct the
C-ring. Although less likely, it is worth noting that
structure I could be formed through electrocyclization
of vinylogous o-quinone methide generated from IV
upon deprotection.1f

Details of this cascade reaction sequence including the
preparation of the precursor are outlined in Scheme 3.
Modified Perkin reaction2a–c of a mixture of 2-hy-
droxyacetophenones 1 and 2,4-dimethoxyphenylacetic
acid 2 in the presence of triethylamine in refluxing acetic
anhydride delivered coumarin 3 in moderate to good
yield. Global demethylation and deacetylation of 3a
with pyridine hydrochloride at 200 �C, per-acetylation
of the tris-phenol 4a and radical bromination of the
triacetate 4b with N-bromosuccinimide afforded the allyl
bromide 5 in modest yield.
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Treatment of a colorless solution of bromotriacetate 5
with K2CO3 in an acetone/methanol mixture at room
temperature resulted in an immediate color change,
indicating the rapid formation of the tetracyclic struc-
tures 7 via deacetylation of the phenyl acetate 5 followed
by instantaneous displacement of the allylic bromide by
the newly generated adjacent phenoxide anion to form
the pyran ring C. Compound 7 was isolated by acid
precipitation in high yield.4

We also explored the anionic bromination of 3b, a
modification that allowed us to synthesize the target
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Scheme 3. Reagents and conditions: (a) Et3N, Ac2O/reflux; (b) pyridine,

(e) K2CO3/MeOH/acetone; (f) LiHMDS/THF/)32 �CfiNBS/THF/)78 �C; (g
lactone 7 in multi-gram quantities. Bromination of 3b
was conveniently carried out using lithium hexameth-
yldisilazine (LiHMDS) as a base in THF at )32 �C to
generate the carbanion, which was added dropwise to a
solution of NBS in THF at )78 �C to provide 6.
Demethylation of 6 was conveniently accomplished with
BBr3 in dichloromethane at room temperature. In situ
treatment of the corresponding tris-phenol with aqueous
NaOH solution directly resulted in the formation of 7,
which was isolated from the alkaline aqueous solution
by acid precipitation.

In conclusion, we have developed a novel, convenient,
and practical method to synthesize the tetracyclic benzo-
pyranobenzopyran lactones I. In addition to the com-
pounds exemplified in this paper, related analogs with
various A/D ring substitution patterns including both
electron-donating and electron-withdrawing groups
were synthesized, and employed as pivotal intermediates
in our synthesis of novel nonsteroidal SERMs.3 The
biological properties of these novel structures will be
reported in future communications.
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